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Biochar

Soil texture Clay loam Source ZnBc

Sand (%) 29 007 0.08 009 004
il (%) 34 721 564 560 248
Electrical conductivity 005 007
Clay (%) 37 003 003
(dsm™)
Organic matter (%) 078 Bulk density (g/cm’) 045 040 0.44 039
pH 7.32 Particle density (g/em’) 0.60 061 059 064
Electrical conductivity 2 39
117 Pore space (%) 25 3420
(dsm™)
Cation exchange Cation exchange 3299 3249
625 1718 3118
capacity (cmol kg™) capacity (cmol Kg™')

RHBc—rice husk biachar; ZnBe—zinc biochar; MnBe—manganese biochar; FeBc—iron biochar.
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Biochar sources Biochar rates

Brackish water
(BW) rates
(dSm)

Treatments plan (study /) (All sorts of
biochar in combination with four
different rates of BW with two rates
of MECBs)

Treatments plan
(study /1) (All sorts of
simple and enriched
biochar with three
different rates of BW)

mple biochar (SBe) Zinc 0.105%
enriched biochar (ZnBc)

Manganese enriched

biochar (MnBc) Iron

enriched biochar (FeBc)

illed water.

~For incubation trial
(10,20, 30, 40) -For pot
trial (5, 10, 15)

T1=10dSm™ BW +0.1% SBe, T2=10 dSm™
BW+0.5% SBe, T3=10 dSm" BW +0.1% ZnBc,
T4=10dSm™ BW +0.5% ZnBc, T5=10 dSm™
BW+0.1% MnBe, T6=10 dSm~' BW +0.5% MnBc,
T7=10 dSm™ BW +0.1% FeBc, T8 =10 dSm™
BW+0.5% FeBe, T9=20 dSm™" BW+0.1% SBc,
T10=20 dSm™ BW +0.5% SBe, T11=20 dSm™
BW+0.1% ZnBc, T12=20 dSm™' BW +0.5% ZnBc,
T13=20 dSm™ BW +0.1% MnBe, T14=20 dSm™
BW+0.5% MnBc, T15=20 dSm~' BW +0.1% FeBc,
T16=20 dSm™ BW +0.5% FeBc, T17=30 dSm™
BW+0.1% SBe, TI8=30 dSm™' BW +0.5% SBc,
T19=30 dSm™ BW +0.1% ZnBc, T20=30 dSm™"
BW+0.5% ZnBc, T21=30 dSm™ BW +0.1% MnBc,
T22=30 dSm™ BW +0.5% MnBc, T23=30 dSm™"
BW+0.1% FeBe, T24:=30 dSm' BW +0.5% FeBc,
T25=40 dSm™ BW +0.1% SBc, T26=40 dSm™
BW+0.5% SBe, T27=40 dSm' BW +0.1% ZnBe,
T28=40 dSm™ BW +0.5% ZnBc, T29=40 dSm™"
BW+0.1% MnBc, T30 =40 dSm~' BW +0.5% MnBc,
T31=40 dSm™ BW +0.1% FeBic and T32=40 dSm*
BW+0.5% FeBe.

TI=DW, T2=DW +0.1% SBc,
T3=DW +0.1% ZnBc,
T4=DW +0.1% MnBc,
T5=DW +0.1% FeBe,
T6=5dSm™' BW, T7=5dsm™!
BW +0.1% SBe, T8 =

dsm-
BW +0.1% ZnBc, T9= 5d:

BW +0.1% MnBc, T10=5dSm""
BW +0.1% FeBc, T11 = 10dSm*
BW, T12=10dSm™' BW +0.1%
SBe, T13=10dSm™ BW +0.1%
ZnBe, T14=10dSm™ BW+0.1%
MnBc, T15=10dSm™

BW +0.1% FeBc, T16=15dSm "
BW, T17=15dSm™ BW +0.1%
SBe, T18=15dSm™ BW +0.1%
ZnBe, TI!
MnBc and T20=15dSm™"

5dSm! BW+0.1%

BW +0.1% FeBc.
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Treatm pH EC (dS/m) Na* (mg Kg) Cl- (mg Kg™?)

8days 16days 24days 8days 16days 24days 8days 16days 24 days % 8days 16days 24 days %
Increase Increase
at 24" at 24"
day day

Ti=10dsm™" 28 44 62
BW+0.1% SBe. 714 645 646 0.006 0.008 001 316 398 643 103 121
T2=10dsm™" 34 52 6
BW+0.5% SBe. 702 634 655 0.006 0,009 001 271 442 525 937 764
T3=10dsm™" 36 44 6
BW+0.1% ZnBc 691 636 663 0.006 0.008 0.008 323 399 404 250 277
T4=10dsm" 28 4 34
BW +0.5%ZnBe 679 636 669 0.005 0.007 0.007 251 358 355 414 214
T5=10dsm" 28 4 48
BW +0.1% MnBe 67 641 663 0005 0.006 0.009 78 329 419 437 714
Té=10dsm™" 38 54 52
BW+0.5% MnBe 674 642 664 0.006 0.009 0.009 183 369 365 9.4 368
T7=10dsm™" 42 5 58
BW+0.1% FeBe 669 647 675 0.007 0.007 001 373 35 442 184 380
T8=10dsm" 58 46 62
BW+0.5% FeBe 632 648 677 0.009 0.006 001 369 279 378 243 689
T9=20dsm"" 56 62 84
BW+0.1% SBc 646 64 652 0.008 0011 001 27 787 842 270 50
TI0=20dSm™ 46 58 86
BW+0.5% SBe. 644 64 651 0.007 0.008 001 404 525 759 878 869
T =20dSm™ 3 62 74
BW+0.1% ZnBc 6.62 639 677 0.005 0.009 001 38 644 7 us 146
T12=20dSm™ 46 58 94
BW+0.5%ZnBe 649 629 671 0.008 0.008 001 582 141 85 46.1 104
T13=20dSm” 54 84 96
BW+0.1% MnBe 655 632 672 0.008 0011 001 93 811 9 878 777
T14=20dSm™ 72 66 108
BW+0.5% MnBc 649 634 665 0011 0010 001 664 607 855 32 50
T15=20dSm™ 46 6 8
BW+0.1% Febe 655 64 678 0.008 0.009 001 452 618 769 701 79
T16=20dSm™ 6 62 138 130
BW+0.5% FeBc 658 643 668 0.008 0.008 0002 451 399 102 126
TI7=30dsm™! 645 643 695 0011 0010 0.008 884 823 615 -304 78 s 6 -230
BW+0.1% SBe
TI8=30dSm 647 641 672 0,006 0.008 001 839 611 976 163 68 66 14 676
BW+0.5% SBe
TI9=30dsm™! 663 642 675 0.006 0010 001 451 813 100 121 44 74 106 140

BW+0.1% ZnBc

T20=30dSm™ 662 636 6.68 0.006 0015 001 479 98.3 9.6 105 36 10 108 200
BW +0.5%ZnBc
T21=30dSm 655 649 676 0.005 0.008 001 231 511 905 291 32 54 102 218

BW +0.1% MnBc
T22=30dSm™" 645 635 6.69 0.006 0013 001 88 829 9.6 1,031 38 94 126 21
BW+0.5% MnBc

T23=30dSm™" 656 636 6.62 0.007 0016 001 453 94.6 102 125 46 10 146 27
BW+0.1% FeBe

T24=30dSm™" 65 645 672 0012 0014 001 774 28 9.7 28 88 102 106 204
BW+0.5% FeBc

T25=40dSm" 66 649 676 0012 0013 001 894 105 731 -18.2 82 102 134 634
BW+0.1% SBc
T26=40dSm™ 652 635 675 0013 0016 002 103 it] 166 611 9.8 136 206 110
BW+0.5% SBe
T27=40dSm 641 645 681 0019 0010 001 147 858 127 -136 158 86 134 -15.1

BW +0.1% ZnBc

T28=40dSm™ 643 637 675 0018 0013 001 139 926 120 -136 15 98 134 -106
BW +0.5%ZnBc
T29=40dSm" 654 63 6.67 0.006 0017 002 41 123 165 302 44 128 20 354

BW+0.1% MnBc

T30=40dSm"" 635 625 6.63 0013 0016 002 9% n2 154 638 10 s 194 94
BW+0.5% MnBc
T31=40dSm™" 641 628 6.69 0017 0018 002 134 132 145 820 14 142 17 214

BW+0.1% FeBe

T32=40dSm" 64 625 6.66 0011 0024 002 725 140 147 102 s 18 194 142
BW+0.5% FeBe
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BW level Treatment Root Na* Shoot Na*

Control 132£0.36¢ 1.64£0.21de 5.93£0.67abc 3.93£027
SBe 12140.14¢ 155021 fg 5.91+0.37abe 4012017
DW Znbe 1242023¢ 1524049 fg 6010.34abc 400,162
MnBc 1.04£0.13f 166404 cde 5.79+0.43bcd 403£0.082
FeBe 0942023 147£0.03g 633£06% 403072
Control 18320.37ab 17:20.45bede 587+061bed 4050762
Sbe 1712042 od 1.63£0.05ef 6.050.38abc 384025
5dsm™' BW Znbe 1.66+0.18 cd 1.67£0.1Ibcde 6.11£0.52bc 388045
MnBc 1542033d 1.62:£0.06ef 6.1120.72abc 3932040
FeBe 1242053 1.51£0.04bcde 6.15£0.49ab 398+021a
Control 1974023 1.74£0.07abcd 567044 cd 3.82+0.18
SBe 1.850.28ab 1.7240.12bede 569£022¢d 38940362
10dSm™' BW Znbe 1.78£0.04bc 1.73£0.14bed 5.75£0.42bed 391£022
MnBc 1.89+0.63ab 1.72£0.52bcde 5.75£0.76bcd 3.88£0.28
FeBe 1.83+0.44abc 17£0.04bcde 6.14081ab 392047
Control 198039 185:041a 54320524 397+082
Sbe 1920342 1824032 565£0.26cd 3.96£042
15dSm' BW Znbe 1.90£0.46ab 1.780.11ab 569045 cd 3870.13
MnBc 1.90:£0.18ab 1.7740.4abe 5.88+0.21bc 39+033
FeBe 1.850.34ab 161£0.11ef 6.06:+0.68abc 408£0.5%

The given data represented the mean values of four replicates (11=4) + standard error and different leters represented significant difference declared by LSD testat p<0.05.
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Brackish Treatments
water
level

Control
SBe
DW ZnBe
MnBe
FeBc
Control
SBe
5dSm! BW ZnBe
MnBe
FeBe
Control
SBe
10dSm™' BW ZnBe
MnBe
FeBc
Control
SBe
15dSm™ BW ZnBe
MnBe

FeBe

0.830.06bc
0.75£0.08bc
0.78£0.05bc
0.800.09b¢
0.88£0.06bc
0.57£0.10bc
0.62£0.06bc
0.62£0.02bc
0.34£0.24c
0.830.08bc
0.68£0.24bc
0.73£0.10bc
0.70£0.34bc
0.85£0.16bc
0.81£021bc
116:£0.68ab
0.95£0.15bc
0.75£0.05bc
0.74£0.46bc

17840438

0.10£0.052

0.08£0.05a

0.16£0.022

0.07:£0.03

0.08£0.03a

0.05£0.032

0.08£0.03

0.07£001a

0.11£0.052

0.12£0.052

0.12£0.06a

0.11£0.06a

0.09£0.042

0.13£0.06a

0.12£0.08a

0.10£0.08a

0.09:£0.062

0.08£0.05a

0.11£001a

0144003

155£0.34de
165+0.52cde
17.50.98abed
187+0.17ab
195£0.41a
158£0.43cde
17.1£0.26abed
17.4£0.24abed
18.5+0.650b
187+0.22ab
144£0.40¢
164£0.46bc
19.3£0.62ab
18.0£0.34ab
183£0.33ab
102037g
13720250
17.40.6bed
154+0.42de

17.8£0.64abe

Chl. b
(mg mL™)

235£0.17gh
281£0.2fgh
261+0.35fgh
395£05cd
468:£0.18bc
2524037fgh
381£03cde
3.05£0.18¢fg
389+0.5¢de
396+04cd
209+0.36hi
424£031c
553£0.3%
447£0.38bc
5.19:£0.34ab
13640140
3940.14d
350£0.31de
3.280.26def

57240.1a

Shoot
protein
(mg g'F.W)

4.1120.15cde
6.45£0.16def
6.59+0.23def
6.65+0.20def
7.660.28cde
547£045(
7.03+031cde
7.18+045cde
6.41£0.18abc
8.66+0.68def
7.50£0.71bed
8.75£0.42b
8.83£0.452b
9.27:£0.23ab
941£023
334£0.28abc
542:£0.18abc
5.88:+0.28¢f
6.22£0.40def

5.45£0.18abc

Photosynthesis
rate (pmol CO,
ms7)
123499g
1902271 cd
18421.77cd
148£4.03ef
2024212
95.63.04hi
M5%147fg
156£5.30¢
1362237fg
211410.75b
787£3.78i)
1272403fg
136+ 163fg
104£7.39h
199:£5.44bc
5524148k
702£2.16k
63.0£2386k
84941271

166:4537de

Transpiration
rate (mol
H,0 m2s7)

0.63+0.04fgh
0.30+0.02hi
0.33:20.04hi
0.55£0.07fgh
0.13£0.04
105£007cde
0.55£0.13fgh
0.50+0.14fgh
0.700.14efg
0.33£0.11hi
135£0.14abc

0.

+0.05def
0.90£0.14def
1.08£0.04cde
0.45£0.07ghi
165£0.14
160008
1.53:0.04ab.
11520.14bed

0.85+0.14def

The given data represented the mean values of four replicates (11=4) £ standard error and different letters represented the significant difference declared by LSD test at p<0.05.
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Main plot Foliar treatment date and norm, kg/ha Nitrogen kg/ Phosphorus kg/ Potassium kg/
ha

lka/ba) Tillering Booting Heading il ha
Without foliar treatment 366 8.6d 2.0d
Nio 40 80 - 36.2¢ 9.0d 2194
P 0 - 120 368 9.0d 224
Kis - 80 120 353 9.0d 246d
40 80 120 355¢ 9.1d 248d
Without foliar treatment 37b 3¢ 27.8¢
New 40 80 - 413b 13 289b
Pus 40 - 120 412 15e 293b
K - 80 120 409b 13 27.8b
40 80 120 4L1b 1Lsc 28.8b

Without foliar treatment 4632 1342 309

Noo 0 80 N 112 1350 3142
Pus 40 - 120 432b 129b 312
Kues - 80 120 426b 1285 309
40 80 120 27 128 312

1CD0S 167 134 245

Means in each column followed by the same letters are not significantly different at p > 0.05.
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Foliar treatment date and norm, Humus % Nitrogen % Phosphorus % Potassium %

kg/ha

Tillering Booting Heading 0-30 30— 0-30 30- 0-30 30-50 0-30 30—

50 50 50
Without foliar treatment 1107 0983 0.100 0,090 0127 0121 1754 1624
Neo 40 80 - 1107 0.982 0101 0,09 o8 0120 1758 1630
Pus 40 - 120 1106 0.982 0.100 0.091 0.127 0120 1759 1629
K - 80 120 1107 0982 0.100 0.091 0127 0120 1758 1629
40 80 120 1108 0.982 009 0,09 0.128 0120 1759 1630
‘Without foliar treatment 1.106 0.982 0.100 0,09 0.128 0121 1758 1629
Neo 40 80 B 1106 0982 0.100 0.089 0128 0121 1758 1629
P 40 - 120 1107 0.982 009 0.089 0.129 0121 1758 1628
K - 80 120 1107 0.982 0099 0,09 0.130 0122 1759 1628
40 80 120 1.106 0.982 0.100 0.089 0.130 0.121 1759 1629
‘Without foliar treatment 1105 0.981 0,098 0.089 0129 0122 1758 1629
Now 40 80 - 1105 0.980 0.098 0.089 0.129 0122 1758 1628
Pus 40 - 120 1106 0.980 0,098 0.088 0.130 0123 1759 1628
Kuos - 80 120 1.106 0.981 009 0.088 0.130 0123 1758 1628
40 80 120 1.106 0.982 0.098 0.089 0.130 0122 1758 1628

LCD 05 NS NS NS NS NS NS NS NS





OPS/images/fsufs-09-1506609/crossmark.jpg
©

2

i

|





OPS/images/fsufs-09-1506609/fsufs-09-1506609-g001.jpg
8

_ a  Paddy soi _ b Lateritic red soil
2 2 40
2 2
ba
E B 2 a
3 35 L 8 a a
o a b bby a2
2 E} < & 5
3 8 2] d [ ¢ d
3
E Ed

3

J

0 10 20 30 40
Incubation time (t/d)





OPS/images/fsufs-08-1508913/fsufs-08-1508913-t005.jpg
Main plot Foliar treatment date and norm, kg/ha Nitrogen, mg/  Phosphorus, mg/  Potassium, mg/

(ka/ha) Tillering Booting Heading kd k9 k9
Without fliar treatment 2090¢ 0.100d 1380
Nio 40 80 - 2.100¢ 0.720¢ 1.390¢
P 40 - 120 2110¢ 0.780b 1.400c
Kas - 80 120 2115 0.800b 1415b
40 80 120 2.095¢ 0.790b 1.410b
‘Without foliar treatment 2250¢ 0.780b 14106
New 40 80 - 23000 0.790b 1420
Pus 40 - 120 23402 0.800b 1.430b
K - 80 120 2345 0.810b 1450
40 80 120 2350 0.820b 140
Without foliar treatment 2200d 0.810b 15102
Noo 40 80 - 2280¢ 0.8200 15202
Pus 40 - 120 23000 0.9000 15302
Kuos - 80 120 23100 09302 15402
40 80 120 23200 0920 15402

LCD 05 0028 0075 0.88
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Main plot Foliar treatment date and norm, kg/ha Nitrogen kg/ Phosphorus kg/ Potassium kg/
ha

lka/ba) Tillering Booting Heading il ha
Without foliar treatment 168.3¢ 398 10594
Nio 40 80 - 19574 4864 1104d
P 0 - 120 195.84 483d 118.2¢
Kis - 80 120 19854 50.1d no.c
40 80 120 209.1d 522¢ 1223¢
Without foliar treatment n81c 592 166.1
New 40 80 - 240.1¢ 66.1b 168.2b
Pus 40 - 120 2402¢ 67.1b 170.8b
K - 80 120 216.4b 68.1b 167.1b
40 80 120 2504b 702b 175.2b
Without foliar treatment 251.3b 73.1b 168.0b
Noo 0 80 N 26042 8132 188.2
Pus 40 - 120 26392 79.1a 190.4
Kues - 80 120 265.1a 80.1a 19212
40 80 120 26832 8082 196.1a

1CD0S 124 876 146

Means in each column followed by the same letters are not significantly different at p > 0.05.
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Main plot Foliar treatment dates and norms, kg/ha Grain yield, Mg ha*
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2021 2022
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Means in each column followed by the same leters are not significantly different at p > 0.05.
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Main plot Foliar treatment date and norm, kg/ha Fodder yield, Mg ha-!
(kg/ha)

Tillering Booting Heading Experiment years Average
2021 2022

ithout foliar treatment 5.80f 5.6le 5728 5.7le
Niso 4.0 8.0 = 6.67d 6.34d 6.25¢ 6.42d
Pos 4.0 - 120 6.45d 6.48d 651d 6.48¢
K = 8.0 120 6.83c 6.61c 651d 6.65¢
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ithout foliar treatment 6.72¢ 6.45d 6.39d 6.52¢
Nao 10 80 B 715 7.08b 701b 7.08b
Pus 4.0 - 120 747a 73la 6.99b 7.18a
Kus = 8.0 120 74la 7.13b 721a 7.252
10 80 120 751 748 728 7200

LCD 05 027 032 023 021

Means in each column followed by the same leters are not significantly different at p > 0.05.
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